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Introduction

Two-point traveltime T'(R, S) between S and R known

Two-point paraxial traveltime T'(R', S") between S’ and R’ to be determined

Paraxial
vicinity of R

Paraxilal
vicinity of S




Introduction
Ray-centred coordinate system g¢;
non-orthogonal, curvilinear, fixed origin
coordinate line ¢; < the reference ray ¢
q1, g2 - Gartesian coordinates in the plane L slowness vector p
Wavefront orthonormal coordinate system y;
local Cartesian, moving origin

y; - Cartesian coordinates, v1 = q1, y» = ¢, y3 || P



Two-point paraxial traveltime formula
DRT in ray-centred coordinates
T(R,S') =T(R,S) + zi'pi(R) — 627 pi(5)

=027 Aij(R, S)ox + 302 Mij(R, S)ox i + 3027 Nij(R, )6}

ol = x;(R) — zi(R), 6xP = 2;(S") — 4(S)

[ (4

Aij(Ra S) — f]\%i(ng)_l)MNfJ}\?j
M;;(R,S) = f]\]}i(qu)QgQ)_l)MNf]}\?j + (pin; + pimi — Pip UML) R

Nij(R,S) = f]\%i(QgQ)_ngQ))MNfJ%j — (pin; + pjmi — pip;UKNK)



Two-point paraxial traveltime formula
DRT in ray-centred coordinates

x; - Gartesian coordinates

Quantities obtained from tracing the reference ray (2
p; - components of the slowness vector p
U =dx/dr - ray-velocity vector

n =dp/dr - m-vector



Two-point paraxial traveltime formula
DRT in ray-centred coordinates

Vectors f;:  (f;, fy) L Q

not necessarily unit and mutually perpendicular
f1 = C_1<62 X U) ; f2 = C‘l(l/l X el)

C - phase velocity

Vectors e;: (e, e) L p

unit and mutually perpendicular

de;/dr = —(e;-n)p/(p - pP)



Two-point paraxial traveltime formula
DRT in ray-centred coordinates

Q\”, QY¥, P - 2 x 2 submatrices
of the 4 x 4 ray propagator matrix I1¢

Q1<,>Q;Q<,>
P

(Q)<R7 S) - H(q) (7_7 TO) — (q)(R S)
2 )

1'% - solution of the dynamic ray tracing in ray-centred coordinates

AT (1, 1) /d7 = S(7)I (7, 79)

S - 4 x 4 DRT system matrix
Initial conditions: IIY(ry, 79) =1; 1-4 x 4 identity matrix



Two-point paraxial traveltime formula
DRT in wavefront orthonormal coordinates

T(R,S) =T(R,S)+ys(R)C(R) — ys(S")CH(S)

—yi(SVAY(R, S)y;(R) + Ly (RYMY (R, S)y;(R) + Ly (SYNY (R, )y, (")

M} (R, S) = (PY' Q™)1 = (PY'QY )1y

NHY(R,S) = (QY'Q),, = (Q¥Y Qi)

H(y)(R, S) = H(Q)(}g’ S)



Two-point paraxial traveltime formula
DRT in wavefront orthonormal coordinates

3 x 3 matrices M and N are symmetric
3 x 3 matrix A is non-symmetric

3rd columns and 3rd lines depend
on RT quantities C, /", n\) at S and R
on DRT quantities Q" (R, 5), Q¥ (R, S) and P¥(R, S)

complete expressions given in the Report



Two-point paraxial traveltime formula

Two-point paraxial traveltime formulae using DRT
in ray-centred and wavefront orthonormal coordinates

are equivalent



Conclusions

- single ray approach

- S" and R’ arbitrarily chosen in paraxial vicinities of S and R

- knowledge of the 4 x 4 ray propagator matrix sufficient

- the 4 x 4 ray propagator matrix IT'” (R, S) in ray-centred coordinates
or IIW(R, S) in wavefront orthonormal coordinates can be used

- H(Q)(}g, S) = H(y)(R, S)

- efficient, no problems with redundant DRT solutions

- formulae for T'(R', S’) in both coordinates equivalent

- formulae for T%(R’, S") available

- paraxial slowness vectors at &' and 5’
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